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Abstract 
The aim of this study was to produce a low-cost activated carbon derived from rubber-seed shells using potassium hydroxide 
(KOH) as chemical agent. The effect of preparation conditions such as impregnation ratio (1:1 and 1:2), carbonization 
temperature (500, 600 and 700°C) and duration (90, 120, 150, 180 and 210 minutes) on the produced activated carbon were 
investigated. Sample B1 was identified to yield activated carbon with the largest surface area, total pore volume and diameter. 
The results from adsorption test found that under the effect of initial concentration, the optimum sample is capable of removing 
98.8% of Zn2+ and 99% of Cu2+ at low concentration of 200 ppm. Under the effect of stirring rate, 99.7% of Zn2+ and 99.6% of 
Cu2+ is removed at stirring rate at 400 rpm. Finally under the effect of contact time, 99.6% of Zn2+ and 94% of Cu2+ removal is 
achieved at time of 45 minutes. The obtained results show that agriculture waste product from rubber-seed shell is a promising 
low cost precursor for the production of activated carbon and it can be effectively used as an adsorption material. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Heavy metals refer to any metallic chemical element that has a relatively high density and very toxic or poisonous 
at low concentration with their accumulation over time can cause diseases like cancer to human while to 
environment, it is the cause of pollution. Heavy metal pollution derives from a number of sources, including, fuel 
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and power manufacturing, agriculture industry, paper and pulp industry, leather tanning, electroplating, 
petrochemicals and fertilizers [1]. Unlike organic contaminants, heavy metals such as Pb, Cd, Cr, Ni, Zn, Cu and Fe 
do not normally undergo biological decay and are thus considered a challenge for remediation. Accordingly, many 
studies have been done for removal of heavy metals. Chemical precipitation, reverse osmosis and ion exchange have 
been investigated for the removal process, but they are too expensive or incapable of meeting the acceptable levels 
before discharging to the environment. 
Adsorption technique by using activated carbon has been proved to be a potentially feasible alternative. However, 
the commercial activated carbon used is expensive to produce, particularly if proper raw materials are not available 
and the regeneration process involves high cost [2]. Recently efforts have been made to use cheap and available 
agricultural wastes such as palm kernel [3], banana peel [4], coconut shell [5], doum seed coat [6] and walnut shell 
[7] as adsorbents to remove heavy metals from wastewater. One of the agriculture wastes that received attention in 
the study is the shell of the seed of the rubber tree (Hevea Brasiliensis). The Hevea tree produces significant quantity 
of milk-like sap called latex, an important material in manufacturing. Based on the statistic by the Malaysian Rubber 
Board in 2014, about 1.2 million metric tons of waste rubber-seed shell (RSS) being produced and the numbers have 
been increasingly annually [8]. The RSS is used as biofuel and manure or is discarded and allowed to rot. These 
solid wastes are left unutilized on the fields, causing significant environment and disposal problems. Conversion of 
RSS into high-value activated carbons is of interest from economic point of view. Due to this reason, there is a need 
to perform investigation on this promising raw material for generating activated carbon capable of removing heavy 
metals pollution.  
Activated carbons (ACs) are predominantly amorphous solids with large internal surface areas and pore volumes. 
This unique pore structures plays an important role in many different liquid and gas phase applications because of 
their adsorptive properties [4]. Surface morphology and pore structure of ACs depends on the precursors and 
selected activation agents. In this work, KOH is selected as the activating agent to produce AC from RSS due to 
excellent dehydrating properties and ability to develop and control the number of micropores with a very similar 
pore size distribution. On top of that, the preparation temperatures to activate the carbon were also relatively low, 
hence making the chemical activation process to be chosen over physical activation [9].  
The objectives of this study include the preparation, characterization and evaluation of adsorption properties of 
using RSS based AC to remove Cu2+ and Zn2+ ions from single metal aqueous solution. 
2. Material and methods 
2.1. Material and pretreatment 
The RSS is collected from RISDA rubber plantation located at Bota Kanan, Perak. They are cut into small pieces 
and repeatedly washed to remove impurities and ashes that were collected together. Then, the wetted RSS are kept 
in air for removing the water from the surface and dried in oven at 80˚C overnight to remove any remaining water. 
The dried RSS is then crushed using a grinder and sieved to a desired size of 500µm. The final product is then stored 
in air tight container for further use. All chemicals were purchased from R & M Chemicals and were industrial 
reagent grade.  
2.2. Carbonization and activation 
For activation, about 20g of RSS is impregnated with 200mL of freshly prepared concentrated solution of KOH 
with impregnated ratio of 1:1 and 1:2. The RSS is permeated with KOH solution for 24 hours to ensure the reagents 
are fully adsorbed into the raw materials. The mixture is then filtered and repeatedly washed with distilled water 
until pH of the filtrate was in the range of 6.5 to 7.0. The RSS was dried in the oven at 100°C overnight before 
undergoing carbonization in a furnace. The RSS that has been treated with KOH solution is carbonized in a fixed 
bed activation unit under steady flow of nitrogen gas at 100 cm3/min. Different sets of temperature (500, 600 and 
700°C) and duration (90, 120, 150, 180 and 210 mins) are used for the carbonization process. At this stage, the RSS 
has turned into AC. The AC that has been produced is ventilated at room temperature before being washed with hot 
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distilled water to remove any remaining KOH. It is then dehydrated in an oven at 80°C overnight. Lastly, the dried 
AC is placed in the desiccator to maintain the dryness of the samples. 
2.3. Sample characterization 
The physical structure of AC and the raw material were observed using a Zeiss EVO-50 Field Emission Scanning 
Electron Microscope (FESEM), model Supra 55 VP at magnification of 10 - 100,000 times with practically limitless 
depth of field. The pore size distribution, specific surface area (SBET), porosity volume (VT) and average pore 
diameter (D) of the activated carbon samples are determined by nitrogen adsorption-desorption isotherm 
characterized by the Micrometrics ASAP 2020 surface analyzer. The SBET of samples are estimated using the 
Brunauer-Emmett-Teller (BET) method using nitrogen gas adsorption isotherm data while the Barett-Joyner-
Halenda (BJH) adsorption model is used for pore size distribution [10]. 
2.4. Adsorption studies 
Solutions of Cu2+ and Zn2+ were prepared by mixing an appropriate amount of ZnSO4 and CuSO4 with distilled 
water and batch adsorption experiment is then carried out with RSS AC. Effect of initial concentrations (200, 300 
and 400 ppm), stirring rate (200, 300 and 400 rpm) and contact time (15, 30 and 45 minutes) were studied to 
determine the optimum conditions of the RSS AC sample prepared. All experiments were conducted at a room 
temperature of 32°C and repeated twice for accuracy. The concentration of metal ions during the experiment was 
determined using Atomic Absorption Spectrophotometer (AAS), model Shimadzu AA-6800.  
3. Results and discussions 
3.1. Characterization study of rubber-seed shell activated carbon 
     Table 1. Preparation condition and results of rubber-seed shell activated carbon. 
Sample Activation 
Time 
(min) 
Activation 
 Temperature 
(°C) 
Impregnation 
Ratio (IR) 
SBET 
(m2g-1) 
VT 
(cm3g-1) 
D 
(nm) 
Raw - - - 0.67 0.002 5.05 
AO1 180 500 1:1 322.71 0.085 11.25 
A1 180 500 1:2 424.65 0.141 13.08 
BO1 180 600 1:1 351.86 0.096 12.05 
B1 180 600 1:2 458.17 0.181 17.30 
C1 150 500 1:2 420.93 0.107 14.26 
D1 150 600 1:2 423.48 0.122 13.98 
E1 210 500 1:2 399.59 0.085 6.48 
F1 210 600 1:2 408.92 0.100 8.52 
G1 120 500 1:2 306.74 0.078 5.18 
H1 120 600 1:2 382.27 0.092 5.94 
I1 90 500 1:2 22.08 0.013 4.67 
K1 180 700 1:2 11.07 0.003 2.53 
 
Table 1 above shows the preparation conditions and results of RSS AC. Result showed that sample B1 which is 
prepared at IR of 1:2, activation temperature of 600°C and activation time of 180 minutes yield the highest values of 
SBET (458.17 m
2g-1), total pore volume, VT (0.181 cm
3 g-1) and pore diameter, D (17.30 nm). This is followed by 
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sample A1 and D1. Sample AO1 and BO1, which are prepared at IR of 1:1 all showed lower SBET and VT values 
then A1 and B1. This is due to the impregnation ratio of KOH: RSS which plays important role in formation of 
pores. High impregnation ratio increase the amount of potassium metal that can be intercalated and thus promoting 
more pore formation [11]. Samples C1, E1 and G1, all carbonized at 500°C yield low SBET and VT than samples D1, 
F1 and H1 which prepared at 600°C. At activation temperature of 500°C is the starting temperature of the 
developing rudimentary of pores of RSS AC. As the temperature is increased to 600°C, it enhances the removal of 
molecular weight volatile compounds and further created new pores and acceleration of porosity development of the 
AC. However, when the temperature is increased to 700°C, the excessive heat energy resulting in the knocking and 
breaking of some porous wall [10]. Thus resulting of the decreasing amount of SBET and VT. This can be explained 
from sample K1 characterization result. Prolonged activation (time) also may result in over activation, accelerating 
surface erosion more than pore formation. This can be observed by decreasing in SBET, VT and D after activation 
time of 180 minutes of the samples. 
Pore sizes are classified in accordance with the classification adopted by IUPAC, which classified that the pores 
ranges are macro (>50 nm), meso (2 – 50 nm), micro (<2 nm) [12]. All the samples that have been analysed 
showing the pore diameter that ranges from  , that clearly indicate that pores are mesopores. Two promising RSS 
AC samples A1 and B1 which have shown highest SBET, VT and D were chosen for further analysis. 
3.2. Nitrogen adsorption-desorption isotherm 
 
 
Fig. 1. Nitrogen adsorption-desorption isotherm of selected rubber-seed shell activated carbon. 
Fig. 1 above shows the nitrogen adsorption-desorption analysis for sample A1, B1 and raw RSS. The objective of 
this study is to categorize the right adsorption isotherm type based on IUPAC classification. To satisfy the 
adsorption analysis, the isotherm must be fit at least one or a combination of six distinct isotherm graphs [10]. 
Sample B1 is identified to follow the isotherm similar to Type II which specifies that an unlimited layer formation 
after completing the monolayer in adsorbents with a varied pore dimensions. Besides this type of isotherms typically 
refers to poly-molecular adsorption in either nonporous or macro-porous adsorbents. This result is evident with SBET 
analysis proving the pores are in macro-porosity group, with pore diameter of 17.30 nm. The N2 adsorption-
desorption isotherm on raw RSS and A1 samples, began to change considerably, adopting Type III. At this 
condition, mesopores have been developed, as indicated by the convex shape relative to the concentration axis. The 
convexity continued throughout the isotherm due to the net heat associated with the adsorption is small [13]. 
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3.3. FESEM images 
 
 
 
Fig. 2. FESEM image selected samples, (a) Raw sample; (b) Sample B1 (best); (c) Sample A1; (d) Sample K1 (worst) 
The morphological structure of the raw RSS and the three selected AC prepared at different impregnation ratio, 
temperature and activation time are shown in Fig. 2 (a - d). The surface of the AC changed with temperature and 
time of activation [14]. Based on the FESEM images, Fig. 2(a) displays the passage construction in RSS sample, 
which is a good texture for preparing AC. The canal structure permits the RSS powder to absorb the activation agent 
to create more pore development. Sample A1 (Fig. 2(c)) shows good canal structure for the AC, meaning that the 
carbonization and activation are taking place but still at early stages at temperature of 500°C. Many new large pores 
were clearly observed on the surface of the AC. Fig. 2(d) shows the effect of implying excessive heat during 
carbonization, which is at 700°C for three hours, resulting in the knocking and breaking of the porous formation in 
the sample. Sample B1 (Fig. 2(b)) shows the most well developed porous structure among the three AC. This 
justified that sample B1 has the highest SBET, VT and D compared to other samples. 
3.4. Effect of initial concentration on removal of heavy metals 
Fig. 3(a) and (b) shows the effect of different metal concentrations (zinc and copper) on the removal percentage 
of heavy metals by samples A1, B1 and raw RSS AC. It was revealed that at low heavy metal concentration, the 
removal percentage was high and gradually decreased with the increase of heavy metal concentration. From Fig. 
3(a), for zinc concentration prepared at 200 ppm, the removal percentage were 96, 98.8 and 85% for sample A1, B1 
and raw RSS respectively. At 200 ppm, sample B1 has the highest removal percentage than any other concentration, 
followed by sample A1 and raw RSS. On the other hand, the highest heavy metal concentration at 400 ppm led to 
the lowest removal percentage of the heavy metals under test (84.9, 88.4 and 76% for sample A1, B1 and raw RSS 
respectively). Similar trend could be observed for removal of copper from Fig. 3(b) test samples. Again sample B1 
showed the highest removal with 99% at 200 ppm and decreased to 91.5% when the concentration is increased to 
400 ppm. The obtained results in the present work concerning zinc and copper agreed with that obtained by Sharma 
a b 
c d 
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et al., [15] where the removal percentage of tested metals was the highest at low concentration and decreased with 
the increase in metal concentration. The reason behind this is due to the metal ions are no longer attached to the 
surface of the adsorbent since the adsorbent have reached their limited surface to adsorb the metal ions. Further 
increase in metal concentrations brought no increase in adsorption, which was a result of overlapping of adsorption 
sites due to overcrowding of adsorbent particles. 
 
 
Fig. 3. Effect of initial concentration on adsorption of (a) Zn2+; (b) Cu2+ 
3.5. Effect of stirring rate on removal of heavy metals 
The effect of stirring rate on adsorption of zinc and copper metal ions are shown in Fig. 4(a) and (b), respectively. 
In general, it was observed that when the stirring rate is increased from 200 to 400 rpm of the solution, the 
percentage removal of metal ions also increased for all samples. From Fig. 4(a), sample B1 shows the highest 
percentage of removal followed with sample A1 and raw RSS sample. At a stirring rate of 400 rpm, maximum 
recoveries obtained for zinc ions are, 99.7% removal for sample B1, 99.3% removal for sample A1 and 96.9% 
removal for raw RSS. Because of the existence of pore volume on the surface of the raw RSS, therefore the 
percentage removal is high and comparable with other samples. Fig. 4(b) shows the effect of stirring rate on removal  
 
 
Fig. 4. Effect of stirring rate on adsorption of (a) Zn2+; (b) Cu2+ 
of copper ions. Again, sample B1 shows highest percentage of removal followed with sample A1 and raw RSS. For 
sample B1, the percentage removal is 99.3% at 200 rpm and increased to 99.6% at 400 rpm of stirring rate. Sample 
A1 shows the percentage of copper removal of 98.6% at 200 rpm and increased to 99.1% at 400rpm of stirring rate. 
(a) (b) 
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While for raw RSS sample, the percentage of removal at 200rpm is 78.8% and increased to 82.4% at 400 rpm of 
stirring rate. With the increasing of the stirring rate, the rate of diffusion of metal ions from the bulk liquid to the 
liquid boundary layer surrounding the AC particle become higher because of an enhancement of the turbulence and 
a reduction in the thickness of the liquid boundary layer [16]. This effect may be additionally enhanced by the 
greater fragmentation of the adsorbent particles which accompanies the increased agitation speed. 
3.6. Effect of contact time on removal of heavy metals 
The relationship between contact time and the percentage removal of heavy metals with AC prepared from RSS 
are shown in Fig. 5(a) and (b). From the obtained result, it is evident that the removal of metal ions increased as 
contact time increases. From Fig. 5(a), for zinc concentration prepared at 200 ppm and contact time of 45 minutes, 
the removal percentage were 99.6, 99.4 and 93% for sample A1, B1 and raw RSS respectively. This is the highest 
percentage removal compared than any other conditions specified. However, raw RSS sample shows a constant zinc 
removal of 93% at contact time of 30 and 45 minutes of experiment. This is probably due to the adsorbent already 
achieved the optimum time to adsorb the metal ions and equilibrium condition has been established [17]. Increasing 
the contact time to promote removal of heavy metals will not bring any changes in the removal percentage, but 
resulted in desorption of the metal ions from the surface of the AC. The results from the experiment also show that 
different metal ions attained equilibrium at different times due to its specific properties. Similar behavior could be 
observed for removal of copper from Fig. 5(b) test samples. Again sample B1 showed the highest removal with 94% 
at contact time of 45 minutes, followed by sample A1 and raw RSS, respectively.  
 
 
Fig. 5. Effect of contact time on adsorption of (a) Zn2+; (b) Cu2+ 
 
4. Conclusions 
AC was successfully produced from RSS, an agricultural waste using KOH as chemical activation agent. 
Activation conditions and carbonization have significant influence in producing optimum AC. Sample B1 which is 
prepared at IR of 1:2 and activated at 600°C in 180 minutes emerged with the highest value of SBET (458.17 m
2g-1), 
total pore volume, VT (0.181 cm
3 g-1) and pore diameter, D (17.30 nm). In addition, characterization analysis 
revealed that the range of pore diameter (2 – 18 nm) falls within mesopores group, indicating its suitability to be 
used for heavy metal adsorption. Results from batch experiments showed that sample B1 is capable of removing 
98.8% of Zn2+ and 99% of Cu2+ at concentration of 200 ppm and 99.7% of Zn2+ and 99.6% of Cu2+ under effect of 
stirring rate at 400 rpm. While under the effect of contact time, 99.6% of Zn2+ and 94% of Cu2+ removal is achieved 
at time of 45 minutes. This study confirmed that RSS is an effective remover of metal ions from the aqueous 
solution and has the potential to be a promising precursor for the production of AC. 
(a) (b) 
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